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Introduction: Arterial endarterectomy and reconstruction during carotid endarterectomy (CEA) can be performed in a
variety of ways, including standard endarterectomy with primary closure, standard endarterectomy with patch angio-
plasty, and eversion endarterectomy. The optimal method of arterial reconstruction remains a matter of controversy. The
objective of this study was to determine the effect of the method of arterial reconstruction during CEA on perioperative
outcome.
Methods: A retrospective cohort study of consecutive CEAs performed by 81 surgeons during 1997 and 1998 in six
regional hospitals was performed. Detailed clinical data regarding each case and all deaths and nonfatal strokes within 30
days of surgery were ascertained by an independent review of the inpatient chart, outpatient surgeon record, and the
hospitals’ administrative databases. Two physician investigators—one neurologist and one internist—confirmed each
adverse event by independently reviewing patients’ medical records.
Results: A total of 1972 CEAs were performed. The mean age of the patients was 72.3 years, and 57.2% were male.
Preoperative neurologic symptoms occurred in 28.7% of cases (n  566), and the remaining 71.3% were asymptomatic
before surgery (n  1406). The method of arterial reconstruction was chosen by the surgeon. Primary closure was
performed in 11.8% (n 233), patch angioplasty in 69.8% (n 1377), and eversion endarterectomy in 18.4% (n 362).
There was no significant difference in the preoperative symptom status of patients who underwent primary closure compared
with the other methods of reconstruction (72.5% asymptomatic vs 71.1%, p  NS). Primary closure cases were significantly
more likely to experience perioperative stroke compared with the other closure techniques (5.6% vs 2.2%, P  .006).
Primary closure cases also had a higher incidence of perioperative stroke or death compared with the other closure
techniques (6.0% vs 2.5%, P  .006). There were no significant differences with regard to either perioperative stroke, or
perioperative stroke/death noted when comparing patch angioplasty with eversion endarterectomy: stroke, 2.2% vs 2.5%
(P  NS) and stroke/death, 2.5% vs 2.5% (P  NS) respectively.
Conclusion: It appears that primary closure is associated with significantly worse perioperative outcomes compared with
endarterectomy with patch angioplasty and eversion endarterectomy, even when the preoperative symptom status of the
patient cohorts is equivalent. Although some of its advocates have reported that they can properly select appropriate
patients for primary closure based on the size of the artery and other factors, the data demonstrate that these patients have
poorer outcomes nonetheless. Primary closure during carotid endarterectomy should predominantly be abandoned in
favor of either standard endarterectomy with patch angioplasty or eversion endarterectomy. (J Vasc Surg 2005;42:
870-7.)Although the efficacy of carotid endarterectom (CEA)
in the prevention of stroke has been proven in randomized,
prospective trials,1,2 a number of controversial questions
still remain regarding a variety of the technical aspects of
the operation. Arterial endarterectomy and reconstruction
during CEA can be performed in a variety of ways, includ-
ing standard endarterectomy with primary closure, stan-
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870dard endarterectomy with patch angioplasty, and eversion
endarterectomy with reimplantation of the internal carotid
artery. Furthermore, patch angioplasty itself can be per-
formed with a diverse choice of both autologous and syn-
thetic materials. Although excellent results have been inde-
pendently reported with many of these techniques, the
literature as a whole varies widely on this topic, and the
optimal method of arterial reconstruction remains a matter
of controversy.
Recently, a multistate, multivariate analysis of more
than 10,000 CEAs has found that the use of patch angio-
plasty was associated with significantly lower perioperative
risk than primary closure.3 Similarly, a recent systematic
review of the randomized controlled trials of patch angio-
plasty vs primary closure during CEA again noted that
patch angioplasty decreased the risk for perioperative stroke
or death.4 A recent comprehensive analysis of clinical and
operative predictors of outcome during CEA from the
current authors identified the use of a patch to be associated
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stroke after CEA.5 With these issues in mind, the objective
of the current study was to examine in further detail the
effect of the method of arterial closure during CEA on
perioperative outcome.
PATIENTS AND METHODS
A retrospective cohort study of consecutive CEAs (In-
ternational Classification of Diseases, 9th Revision, Clinical
Modification [ICD-9-CM] code 38.12: “Endarterectomy
of other vessels, head and neck; Carotid artery [common,
external, internal]; Endarterectomy with: embolectomy,
patch-graft, temporary bypass during procedure, throm-
bectomy”) performed by 81 surgeons during a recent
2-year period was performed.We identified all patients who
underwent CEA between January 1, 1997, and December
31, 1998, using the administrative databases from six re-
gional hospitals.6 Five hospitals were located in the New
York metropolitan area, and one was in upstate New York;
four sites were university teaching hospitals, and two were
community teaching hospitals. The study was approved by
the institutional review board at each site.
Two surgeons had performed 250 carotid endarter-
ectomies each. We randomly sampled 50% of the cases of
these two very-high-volume surgeons, and 100% of all
other physicians’ cases.6 Fourteen patients who were oper-
ated on emergently for either crescendo transient ischemic
attacks or stroke-in-evolution were omitted from analysis,
as our preliminary study indicated that these cases had an
extremely high incidence of perioperative complications
related to the indication for surgery rather than the method
of closure and were not indicative of the remainder of the
nonemergent cases.
Detailed clinical information was abstracted by inde-
pendent trained abstractors from inpatient and outpatient
medical records, including sociodemographic characteris-
tics; neurologic, medical, and surgical history; admission
neurologic examination, functional status, laboratory val-
ues, medications, and diagnostic test results. Comorbid
conditions were determined from the medical record re-
view. Surgical specialty was determined from state licensing
board medical specialty databases as well as data from the
participating hospital.5 Data on the degree of stenosis of
both internal carotid arteries were obtained by carotid
contrast arteriography if it had been performed and by
preoperative duplex ultrasound scan if it had not. In some
cases, the degree of stenosis was obtained by magnetic
resonance angiography.6 The indication for surgery was
based on the acuity of the presenting neurologic symptoms
in the 12 months before surgery.5
Outcome evaluation included detailed data on death,
strokes, myocardial infarctions, and transient ischemic at-
tacks occurring 30 days of surgery from the inpatient
record as well as the surgeon’s postdischarge office records.
All readmissions to the index hospital 30 days of surgery
were also reviewed and identified. Two separate and impar-
tial investigators, including a neurologist, independently
reviewed the medical records of all patients who sustainedstrokes or transient ischemic attacks as complications of
their surgery.6 All perioperative strokes, regardless of later-
ality, were included.
Statistical analysis was performed using SAS version 8.0
(SAS Institute, Cary, NC) and SPSS (SPSS 13.0, Chicago,
Ill) statistical software. Categoric variables were compared
using 2 analysis or the Fisher’s exact test, when appropri-
ate. All comparisons were two-tailed, and a result was
considered statistically significant with a P  .05.
RESULTS
A total of 1972 CEAs were performed. The mean age
of the patients was 72.3 years, and 57.2% of the patients
were male. Of the 1972 CEAs, 233 were primary closures
(11.8%), 362 were eversion endarterectomies (18.4%), and
1376 were performed with patch angioplasty (68.8%) (Fig
1). There were 12 deaths and 52 strokes (46 nonfatal
strokes)30 days of surgery, for a 2.95% combined rate of
death or nonfatal stroke.5 Of the 12 deaths, 3 were due to
perioperative stroke, 2 due to myocardial infarction, 3
occurred in patients with both a perioperative stroke and
myocardial infarction, and 4 from other miscellaneous
causes.5
Comparison of patient demographics by type of
closure during carotid endarterectomy. To establish
equivalency of the patient populations undergoing each
type of closure, patient demographics were compared. The
results are summarized in Table I. No significant differences
were noted in the prevalence of male gender, congestive heart
failure, hypertension, diabetesmellitus, or advanced age (80
years) between the three patient populations. A slightly in-
creased prevalence of patients with chronic obstructive pul-
monary disease (COPD) was noted in the eversion endar-
terectomy group (P  .04), and a slightly increased
prevalence of coronary artery disease (CAD) (P  .046) in
the patch angioplasty group, both of which reached statis-
tical significance in the three-way 2 analysis. However,
when primary closure cases were compared with the two
other types of closures combined as a single group, no
Fig 1. Effect of surgeon volume on type of arterial closure during
carotid endarterectomy (CEA). X axis, Total number of CEAs by
surgeon.statistically significant difference was noted in the preva-
rming
al sign
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(56.8% vs 57.5%, P  NS) in the primary closure patients
compared with the nonprimary closure cases.
Comparison of patient preoperative neurologic symp-
toms by type of closure during carotid endarterectomy.
The relationship between the preoperative symptom status
and the type of closure during CEA were compared, and
the results are summarized in Table II. When performing a
three-way comparison, a higher incidence of asymptomatic
patients was noted in the eversion endarterectomy group
(80.1%, vs 72.5% for primary closure cases vs 68.8% for
patch angioplasty cases). This three-way comparison was
statistically significant (P  .02). However, when the pri-
mary closure cases alone were compared with a combined
group consisting of the eversion endarterectomy cases and
the patch angioplasty cases, there was no significant differ-
ence in the preoperative symptom status of the patients
who underwent primary closure compared with the other
methods of reconstruction (72.5% asymptomatic vs 71.1%,
P  NS).
Relationship between perioperative stroke and type
of closure during carotid endarterectomy. The out-
come of perioperative stroke was compared between the
three closure groups, and the results are summarized in
Table III. Primary closure cases were significantly more
likely to experience perioperative stroke compared with the
other closure techniques (5.6% vs 2.2%, P  .006).
Among asymptomatic patients alone (n  1406), pri-
Table I. Comparison of patient demographics and types o
Primary closure
(N  233) (%)
Gender (% male) 60.1
Age (% 80 years) 20.2
CHF 6.6
Hypertension 75.5
Diabetes mellitus 30.3
COPD* 9.4
CAD* 56.8
CHF, Congestive heart failure; COPD, chronic obstructive pulmonary dise
*Although the three-way comparison was statistically significant, when perfo
patch angioplasty cases combined, these comparisons did not reach statistic
Table II. Comparison of preoperative neurologic status
and method of arterial closure during carotid
endarterectomy
Asymptomatic
(%)
Symptomatic
(%) Total
*Primary closure 169 (72.5) 64 (27.5) 233
Eversion 290 (80.1) 72 (19.9) 362
Patch angioplasty 947 (68.8) 430 (31.2) 1377
Total 1406 (71.3) 566 (28.7) 1972
*Three-way 2 comparison was statistically significant at P .02. Although
statistically significant, when a two-way comparison between primary closure
cases and the eversion and patch angioplasty cases combined was performed,
these comparisons did not reach statistical significance.mary closure cases were significantly more likely to experi-ence perioperative stroke compared with the other closure
techniques (5.3% vs 1.6%, P  .001). Among the smaller
group of symptomatic patients (n  566), primary closure
cases appeared to bemore likely to experience perioperative
stroke compared with other closure techniques (6.2% vs
3.7%, P  .3). However, among symptomatic patients
alone, this comparison did not reach statistical significance,
perhaps due to the smaller number of total cases in the
symptomatic group.
No difference was noted in the rate of perioperative
stroke between eversion endarterectomy cases and patch
angioplasty cases (2.5% vs 2.2%, P  NS).
Relationship between perioperative stroke or death
and type of closure during carotid endarterectomy.
The composite outcome of perioperative stroke/death was
compared between the three closure groups, and the results
are summarized in Table IV. Primary closure cases were
significantly more likely to experience perioperative stroke/
death compared with the other closure techniques (6.0% vs
2.5%, P  .006).
Among asymptomatic patients alone (n  1406), pri-
mary closure cases were again significantly more likely to
experience perioperative stroke/death compared with the
other closure techniques (5.33% vs 1.86%, P  .005).
Among the smaller group of symptomatic patients (n 
566), primary closure cases were somewhat more likely to
experience perioperative stroke/death compared with the
other closure techniques (7.8% vs 4.2%, P  .19). How-
sure during carotid endarterectomy
version
362) (%)
Patch angioplasty
(N  1376) (%) P
53 57.5 NS
15.5 18.2 NS
6.4 6.9 NS
70.1 72.9 NS
27.1 27.9 NS
13.3 8.9 .04
51.2 59.1 .046
AD, coronary artery disease; NS, not significant.
a two-way comparison between primary closure cases and the eversion and
ificance.
Table III. Relationship between perioperative stroke and
type of closure during carotid endarterectomy
Perioperative
stroke (%)
No perioperative
stroke (%)
Total
(%)
*Primary closure 13 (5.6) 220 (94.4) 233 (11.8)
Eversion 9 (2.5) 353 (97.5) 362 (18.4)
Patch angioplasty 30 (2.2) 1347 (97.8) 1377 (69.8)
Total 52 (2.6) 1920 (97.4) 1972 (100)
*Three-way comparison between all groups is statistically significant (P 
.01). Two-way comparison of primary closure cases to eversion endarterec-
tomy and patch angioplasty cases combined is statistically significant (P 
.006).f clo
E
(N 
ase; Cever, among symptomatic patients alone, this comparison
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smaller number of total cases in the symptomatic group.
No difference was noted in the rate of perioperative
stroke/death between eversion endarterectomies cases and
patch angioplasty cases (2.5% vs 2.5%, P  NS).
Analysis of outcome related to patch type. To ana-
lyze outcome by patch type, 29 patients with bovine peri-
cardium patches and 4 patients in whom combined type
patches were used eliminated from analysis. There were no
significant differences in outcome between vein (n 
306) and synthetic (n  1037) patches with regard to
either perioperative stroke (1.0% for vein vs 2.5%, P 
.12) or perioperative stroke/death (1.63% for vein vs
2.8%, P  .3).
Relationship between surgeon volume and use of
primary closure. The relationship between surgeon vol-
ume and the use of the different closure techniques was
examined, and the results are depicted in Figure 1. Most of
the surgeons in all volume categories used the patch angio-
plasty technique. No direct linear relationship between
surgeon volume and the use of the different closure tech-
niques was apparent. For example, surgeons who contrib-
uted 104 CEAs to the study used primary closure in
nearly 6% of their cases. Additionally, one surgeon who
contributed300 CEAs to the study used primary closure
in nearly 12% of cases. However, when the two lowest-
volume categories (33CEAs of 724 total) were compared
with the three highest-volume categories (33 CEAs of
1248 total), the lower-volume surgeons were noted to be
significantly more likely to choose primary closure than the
higher-volume surgeons (23.3% vs 8.7%, P  .001).
Additional analysis was performed using data only from
those surgeons who contributed at least 50 CEAs to the
database (total CEAs by these higher volume surgeons was
1363). Among these cases only, primary closure cases (n
88) were again found to have a significantly higher periop-
erative stroke rate than patch angioplasty and eversion
endarterectomy cases combined (n 1275) (5.7% vs 2.0%,
P  .02).
Relationship between hospital volume and use of
primary closure. The relationship between hospital vol-
ume and the use of the different closure techniques was
examined, and the results are depicted in Figure 2. All
Table IV. Relationship between perioperative stroke or
death and type of closure during carotid endarterectomy
Stroke/death
(%)
No stroke/death
(%)
Total
(%)
*Primary closure 14 (6.0) 219 (94) 233 (11.8)
Eversion 9 (2.5%) 353 (97.5) 362 (18.4)
Patch angioplasty 35 (2.5) 1342 (97.5) 1377 (69.8)
Total 58 (2.9) 1914 (97.1) 1972 (100)
*Three-way comparison between all groups is statistically significant (P 
.01). Two-way comparison of primary closure cases to eversion cases and
patch angioplasty cases combined is statistically significant (P  .006.).hospitals included in this study were relatively high-volumehospitals. Most of the cases in all hospital categories except
for one were performed using the patch angioplasty tech-
nique; the surgeons at one hospital clearly had a preference
for the eversion endarterectomy technique. In multivariate
analysis, there were no significant differences in the rates of
either perioperative stroke or perioperative stroke/death
based noted between the different institutions.5
Relationship between surgeon specialty and use of
primary closure. The relationship between surgeon spe-
cialty and the use of the different closure techniques was
examined, and the results are depicted in Figure 3. Sur-
geons were divided into “vascular surgeons” and “other
surgeons,” which included general surgeons, cardiac sur-
geons, thoracic surgeons, and neurosurgeons. Both vascu-
lar surgeons and other surgeons used the patch angioplasty
technique most commonly (68.9% and 71.5%, respec-
tively). However, vascular surgeons were significantly less
likely to use primary closure than other surgical specialists
Fig 2. Effect of hospital volume on type of arterial closure used
during carotid endarterectomy (CEA). X axis, Total number of
CEAs by hospital.
Fig 3. Effect of surgeon specialty on type of arterial closure used
during carotid endarterectomy.(5.3% vs 22.8%, P  .001). There were no significant
prima
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when stratified by surgeon specialty.5
The 1262 CEAs performed by vascular surgeons were
analyzed independently to see if the relationship between
closure type and perioperative outcome was maintained
among vascular specialists. When perioperative stroke was
examined, it was found that primary closure cases per-
formed by vascular surgeons were significantly more likely
to experience perioperative stroke than eversion endarter-
ectomy and patch angioplasty cases combined (7.0% vs
2.3%, P .02). Primary closure cases performed by vascular
surgeons were significantly more likely to experience peri-
operative stroke/death than eversion endarterectomy and
patch angioplasty cases combined (8.5% vs 2.6%, P .01).
There was no significant difference in outcome noted
among eversion cases and patch angioplasty cases among
those performed by vascular surgeons.
DISCUSSION
Although CEA has consistently demonstrated its supe-
riority to medical therapy in the prevention of stroke,1,2 the
optimal method of arterial reconstruction during the oper-
ation remains a matter of controversy. Traditionally, the
choice of the specific technique of endarterectomy has
remained, to a great deal, surgeon-dependent. Individual
surgeons and centers have reported excellent results with a
great variety of methods, including primary closure, ever-
sion endarterectomy, and patch angioplasty with a variety
of materials, including saphenous vein, knitted polyester,
Table V. Representative series comparing outcome of prim
endarterectomy
Series N PC
Stroke
rate (%) N Patch
Stro
rate
Rockman, 2005 233 5.6 1377 2.
Bond, 20044 (meta-analysis) 442 4.5 577 1.
Katras, 20018 97 1.0 107 2.
Bhattacharya, 19999 269 4.1 101 3.
Pappas, 199910 77 0 56 3.
AbuRahma, 199811 135 5 264 0.
Golledge, 199612 96 NP 117 N
Myers, 199413 64 1.5 61 1.
Katz, 199414 51 4 49 2 
Ranaboldo, 199315 104 5.8 109 1.
Treiman, 199316 1173 2.7 506 3.
Rosenthal, 199017 250 1.6 1000 1.
Lord, 198918 50 6 100 1 
Eikelboom, 198819 62 6.4 67 4.
PC, Primary closure; NS, not significant; NP, not provided.
*Signifies studies demonstrating improved results with patch angioplasty vspolytetrafluoroethylene (PTFE), cervical vein, bovine peri-cardium, and others. The overall results of studies in the
literature that specifically compare one technique with an-
other are less clear, however.
From a physiologic viewpoint, in comparison with pri-
mary closure, patch angioplasty with vein has been shown
to provide a partially endothelialized flow surface, a signif-
icantly greater cross-sectional area, and a relatively mild
degree of wall shear stress.6 Archie7,8 has hypothesized that
all three of these factors may protect against both early
postoperative thrombosis and significant late restenosis.
In a recent paper regarding clinical and operative pre-
dictors of CEA outcome, we found that patch angioplasty
was one of five independent predictors of outcome, with a
significant reduction in perioperative stroke or death com-
pared with primary closure (P  .009). With this issue in
mind, we decided to examine the role of the technique of
arteriotomy closure and its effect on outcome in more
detail. A representative table of series in the literature that
directly compare primary closure during CEA with patch
angioplasty is summarized in Table V.4,9-20
With regard to perioperative outcomes including
stroke and death, a number of these studies found no
differences between primary closure and patch angioplasty
cases.10,11,13,15,17,18 However, most of these studies were
not randomized, and several used or recommended a selec-
tive approach to patch angioplasty only in female patients
or in patients with small arteries.10,11,13,17
In contrast, several other studies have demonstrated a
clear reduction in the incidence of perioperative stroke and
closure to patch angioplasty during carotid
P Conclusions
.006 Patching decreases risk for perioperative stroke or death*
.006 Patching decreases risk for perioperative stroke or death*
NS Decreased recurrent stenosis with eversion technique*
NS Smaller arteries 3.5 mm patched are equal in outcome
to larger arteries closed primarily
NP Selective primary closure not associated with increased
perioperative stroke if done in large arteries
.007 Patching decreases perioperative stroke and late
restenosis*
NS Patch angioplasty of larger arteries may be unnecessary
NS No difference in perioperative complications or late
restenosis
.58 No difference in perioperative morbidity or mortality
NP Patching reduces postoperative complications, restenosis,
and occlusion*
NS Patch angioplasty does not reduce the incidence of
perioperative stroke
NS No differences in rate of perioperative stroke
NP Patch closure less likely to result in residual stenosis in
the perioperative period*
NP Significant reduction in recurrent stenosis with patch
angioplasty*
ry closure technique.ary
ke
(%)
2
6 
8 
0 
6 
8 
P 
6 
8 
4 
2 
5 other complications in the immediate postoperative period
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Lord et al19 found that patch angioplasty cases were less
likely to have residual stenosis in the postoperative period,
as demonstrated by postoperative angiography before dis-
charge. Similarly, Ranaboldo et al15 demonstrated a de-
creased incidence of immediate postoperative complica-
tions in patch angioplasty cases. AbuRahma et al,12 in a
prospective, randomized trial of CEA with primary closure
and patch angioplasty with saphenous vein, jugular vein,
and PTFE, demonstrated a significantly increased rate of
perioperative stroke in primary closure cases (4.4% vs 0.8%,
P  .007). Bond et al,4 in a recent systematic review,
analyzed a composite of seven trials with 1281 operations
that compared primary and patch closure. Patch angio-
plasty was associated with a reduction in the risk for any
stroke (P  .004), ipsilateral stroke (P  .001), periopera-
tive stroke or death (P  .007), and perioperative arterial
thrombosis (P  .0001).
The utilization of patch angioplasty as a technique to
reduce the incidence of late restenosis has also been exam-
ined.10,11,14,16,18,20-22 As is the case with perioperative
outcome, the results of these studies vary widely. Although
several reported no decrease in recurrent stenosis rates
when using the patch angioplasty technique,10,11,14,18,22
others demonstrated an advantage to the patch angioplasty
technique with regard to recurrent carotid stenosis. 4,16,20,21
The previously mentioned systematic review b y Bond et al4
revealed a decreased risk of stroke or death (P  .004) and
late recurrent stenosis (P  .001) with patch angioplasty
cases compared with primary closure cases.4 Additionally,
the late results of the randomized trial reported by Abu-
Rahma et al21 revealed a significantly decreased incidence
of recurrent stenosis with patch angioplasty, especially
noted in female patients.
The current study did not evaluate the possible differ-
ences in outcomes based on different patch angioplasty
materials, but several reports have found no difference in
perioperative outcome based on the patch material.23-26
The current report adds to those studies in the litera-
ture that suggest a poorer perioperative outcome after
primary closure for CEA. Although the current study was
not randomized and surgeon preference dictated the
choice of technique in all cases, an advantage of the current
report is the independent nature of the review and analysis,
which was performed by unbiased abstractors and physician
investigators separate from the participating institutions.
Almost all of the previous studies on this topic, even when
randomized, have been from single institutions or sur-
geons. Our study has demonstrated a significant increase in
both the parameters of perioperative stroke as well as peri-
operative stroke or death with primary closure as opposed
to either the eversion endarterectomy or patch angioplasty
techniques. The P values represent a high degree of statis-
tical significance and are nearly identical to those reported
in the Bond et al4 systematic review and the randomized,
prospective trial reported by AbuRahma et al.12
Few other studies have directly compared all three
general types of CEA techniques. Ballotta et al27 comparedpatch angioplasty with eversion endarterectomy and re-
ported that the eversion endarterectomy technique is less
likely to result in perioperative stroke or death; however, no
comparison with primary closure was provided in this anal-
ysis. Katras et al8 did directly compare all three techniques,
with 188 eversion endarterectomies, 97 primary closure
cases, and 107 CEAs with patch angioplasty. This study
found no significant differences in either perioperative
stroke, or perioperative stroke or death based on the closure
technique; however, they did find that eversion endarter-
ectomy appeared to have a lower restenosis rate than the
other conventional CEA techniques. The current study
found no difference in perioperative outcomes between
eversion endarterectomy cases and patch angioplasty cases.
It is unclear to what degree surgeon or hospital volume,
or surgeon specialty may have affected outcomes in our
report. All of the participating hospitals would be consid-
ered high-volume hospitals based on parameters described
in other reports regarding this topic.28,29 In examining the
relationship of individual surgeon volume to the use of the
different closure techniques in the current report, there did
not seem to be a defined linear relationship (Fig 2). Al-
though all volume categories of surgeons used the patch
angioplasty technique most commonly, it did appear that
primary closure technique was used more frequently in the
lower-volume surgeon categories. Very few of the surgeons
in this study would be considered truly “low-volume”
surgeons, however.
The relationship between surgeon volume and out-
come after CEA has been extensively examined.28-31 Pearce
et al28 reported that doubling of the case volume of a
surgeon reduced the risk of an adverse event after CEA by
4%. However, this only translated into the probability of an
adverse event decreasing from 3.7% to 3.6%when a surgeon
who performs 30 CEAs per year was compared with one
who performs 60 CEAs per year. Cowan et al30 reported a
postoperative stroke rate of 1.14% for high-volume sur-
geons (30 CEAs per year), 1.62% for medium-volume
surgeons (10 to 29 CEAs per year), and 2.03% for low-
volume surgeons (10 per year) in an analysis of nearly
35,000 cases.
No report that we are aware of has examined surgeon
volumewhile directly controlling for the variable of surgical
technique. However, even when only CEAs from higher-
volume surgeons in this series were examined separately,
the significantly poorer outcome of primary closure cases
compared with patch angioplasty and eversion endarterec-
tomy cases persisted (5.7% perioperative stroke vs 2.0%, P
 .02).
In the current report, both vascular surgeons and sur-
geons of other specialties used the patch angioplasty tech-
nique most often, but vascular surgeons were less likely
than other surgeons to perform primary closure. Although
Pearce27 reported that added certification in vascular sur-
gery was associated with a 15% lower risk after CEA, the
Cowan30 study found no effect of surgeon specialty on
postoperative stroke.
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they are most comfortable with, it is somewhat artificial and
difficult to separate the effects of the techniques themselves
from the innate surgeon characteristics. Even the lowest-
volume category of surgeons in the current series used
patch angioplasty in 69.1% of their cases. All surgeons, even
if less experienced, would presumably choose primary clo-
sure in only those patients in whom they felt that the
technique was appropriate. The data demonstrate poorer
outcomes in these patients nonetheless. Finally, when the
1262 CEAs performed by vascular surgeons were examined
independently, the relationship between surgical technique
and outcome was maintained, with primary closure cases
having demonstrably poorer outcomes than eversion end-
arterectomy or patch angioplasty cases, even when the
variable of surgical specialty was eliminated.
CONCLUSIONS
It appears that primary closure is associated with signif-
icantly worse perioperative outcomes compared to carotid
endarterectomy with patch angioplasty and eversion endar-
terectomy, even when the preoperative symptom status and
demographic nature of the patient cohorts is equivalent.
Although some of its advocates have reported that they can
properly select appropriate patients for primary closure
based on the size of the artery and other factors, the data
demonstrate that these patients have poorer outcomes
nonetheless. Unless required for unusual technical reasons,
primary closure during carotid endarterectomy should be
abandoned in favor of either standard endarterectomy with
patch angioplasty or eversion endarterectomy.
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Dr Ali F. AbuRahma (Charleston, WV). With the recent
advent of carotid percutaneous transluminal angioplasty and stent-
ing as an alternative to carotid endarterectomy, perfecting the
results of carotid endarterectomy has become essential for every
surgeon performing this procedure. Several prospective random-
ized studies conducted over the last decade have reported on the
superiority of carotid endarterectomy with patching over primary
closure in reducing perioperative stroke, perioperative carotid
thrombosis, and late restenosis. It is impossible for me to discuss all
of these studies in the time allotted; however, one of the best
studies on this topic is one by Bond et al that was recently
published in the Journal of Vascular Surgery (2004;40:1126-35) as
part of the Cochrane review, a systematic review of the randomized
controlled trials of carotid endarterectomy with patch angioplasty
vs primary closure.
Thirteen eligible randomized carotid endarterectomy trials
were identified. Seven of these trials, involving 1281 carotid end-
arterectomies comparing primary closure with routine patch an-
gioplasty, were associated with a decrease in any perioperative
stroke (odds ratio [OR], 0.33; P  .004), ipsilateral stroke (OR,
0.32; P .001), combined stroke or death (OR, 0.34; P .007),
and perioperative carotid thrombosis (OR, 0.12; P  .0001).
Patch angioplasty was also associated with a significant decrease in
the risk of any stroke (OR, 0.31; P .0009, ipsilateral stroke (OR,
0.31; P .001), combined stroke or death (OR, 0.54; P .004),
and late restenosis (OR, 0.22; P  .00001).
This is a well-conducted retrospective study of carotid endar-
terectomies performed by 81 surgeons during a 2-year period in six
regional hospitals in two states that confirms the conclusions of
previous prospective randomized trials. This study reflects the reality
of places doing carotid endarterectomy. It also echoes the conclusions
of a similar study by Kresowik et al of a multi-state analysis of more
than 10,000 carotid endarterectomies that was recently published in
the Journal of Vascular Surgery (2001;33:227-34).
I have the following questions for Dr Riles:
1. Were you able to determine if the size of the internal carotid
artery as measured by duplex or in the operating room was similar2. Why did you only randomly sample only 50% and not 100%
of the cases of the two very-high-volume surgeons?
3. Would you still do primary closure in certain patients? If so,
when?
Dr Thomas S. Riles. Thank you, Dr AbuRahma. No, we
didn’t have any data on the size of the artery. It was true that two
of the surgeons that were sampled, and they only selected 50% of
the cases. Remember, the investigators were studying appropriate-
ness for carotid surgery. They felt that if someone did 200 cases a
year, a sample of half of the cases would be adequate to show
inappropriate or appropriate use.
And the answer to the last question is no, I don’t do primary
closure at all. I do do some eversion endarterectomies.
Dr Joel A. Berman (Springfield, Mass). Dr Riles, in your
presentation, you made no reference to the type of cerebral pro-
tection that was utilized. Could you clarify this, and in particular,
explain whether there was any correlation between whether a shunt
was utilized and the type of closure selected (patch angioplasty or
primary closure)?
Dr Riles. I’ve looked at the data. There was a better outcome
with regional anesthesia. For the patients done asleep, I don’t have
data on various means of cerebral protection.
Dr Enrico Ascher (Brooklyn, NY). Tom, I enjoyed your
presentation. I’m glad you’ve got access to this very large database.
You will be able to generate a thousand papers from it.
How do you explain the tremendous differences in the
results obtained among the various institutions not being sta-
tistically significant. The mortality and morbidity varied from
0% to over 8%. And yet, despite a substantial number of patients
included from every institution, the report came out negative.
Do you think it’s a matter of choosing a specific statistical
method, or do you really believe that the data are accurately
being projected?
Dr Riles. I have to think that it is accurately projected. One of
the institutions had considerable variability among the surgeons,
but as an aggregate, the hospital outcomes were similar.
